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Outline

ÅMy understanding of the issue

ÅBusch formula relates two-cluster spectrum in a 
harmonic trap to the two-cluster scattering 

ÅImprove Busch formula: a toy model and effective 
field theory (EFT) generalization

ÅTest the formula and do a proof of principle 
calculation by studying He-5 system

ÅApplication to NN system

ÅSummary and outlook

6/19/2018 2



Why are we here: an EFT 
perspective

ÅNuclear structure calculation methods have been 
developed to study compact system 

ÅWhen dealing with continuum/resonances, the large 
distance configuration (DOF) is hard to be included 
in these methods 

ÅMeanwhile, EFT/cluster-model decrease the 
“resolution” scale in their descriptions, and focus 
on the large-distance DOF

ÅHow to combine the two methods? (another way 
different from RGM)
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Busch formula (infrared 
extrapolation)

Vs
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Continuum
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Vs
Continuum

Trap them in ὓ ʖὶpotential

Bound State
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Busch formula (infrared 
extrapolation)

Vs
Continuum

Trap them in ὓ ʖὶpotential

Ab initio

calculations

Constrain EFT or model on Vs and 

use it to compute scattering and 

reaction

Bound State
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Busch formula
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Busch formula

1) T. Luu, M. Savage, A. Schwenk, and J. Vary, PRC (2010): N-

N phase shift

2) J. Rotureau, I. Stetcu, B.R. Barrett, and U. van Kolck, PRC 

(2012): N-D phase shift
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Busch formula

1) T. Luu, M. Savage, A. Schwenk, and J. Vary, PRC (2010): N-

N phase shift

2) J. Rotureau, I. Stetcu, B.R. Barrett, and U. van Kolck, PRC 

(2012): N-D phase shift

#ÏÓ‏Ê 3ÉÎ‏Î

Linear combination of regular and 

irregular oscillator wave functions
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Improve Busch Formula: a model
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Improve Busch Formula: a model
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Note: ὦ

Effective range expansion (ERE):



Improve Busch Formula: EFT

Note: ‪ ά ‫ὶ

6/19/2018 7



Improve Busch Formula: EFT

Self-energy bubble:

Dimer-field propagator:

Note: ‪ ά ‫ὶ
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Improve Busch Formula: EFT

Self-energy bubble:

Dimer-field propagator:

reproduces the Busch formula. 

Note: ‪ ά ‫ὶ
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Improve Busch Formula: EFT

Then what went wrong?

Self-energy bubble:

Dimer-field propagator:

reproduces the Busch formula. 

Note: ‪ ά ‫ὶ
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Improve Busch Formula: EFT
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Improve Busch Formula: EFT
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Improve Busch Formula: EFT

The factorizability of CM motion severely constrains two-body current like couplings. 
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Improve Busch Formula: EFT

The factorizability of CM motion severely constrains two-body current like couplings. 
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Test: Î ‌system

ὠ σσMeV
‍ πȢρπσȟ
ὶ ςȢυυfm
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Test: Î ‌system

σȾς

ρȾς

ρȾς

S. Ali et.al., RMP 57, 923 (1985)

ὠ σσMeV
‍ πȢρπσȟ
ὶ ςȢυυfm
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Test: Î ‌system in p-wave
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Test: Î ‌system in p-wave
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1)Corrections ᶿ‫
2) At ‫ ρπMeV, 

10% corrections



Test: Î ‌system in s-wave
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A digression to Bayesian 
inference
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Likelihood function 
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σȾς at N6LO
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σȾς at N6LO
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ρȾς at N6LO
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ρȾς at N6LO
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ρȾς at N6LO
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ρȾς at N6LO

6/19/2018 15



ρȾς at N6LO
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Trial results by analyzing IM-SRG 
“data” from G. Chan, R. Stroberg, and 
J. Holt
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NN at N6LO
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The energy spectrum are from the 

calculations by J. Vary et.al. [T. Luu, M. 

Savage, A. Schwenk, and J. Vary, PRC 

(2010)]



NN at N6LO
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The energy spectrum are from the 

calculations by J. Vary et.al. [T. Luu, M. 

Savage, A. Schwenk, and J. Vary, PRC 

(2010)]
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Summary and outlook

ÅThe improved Busch formula can be used to infer 
scattering from structure calculation

ÅTest on Î ‌is encouraging 

ÅIt works for NN system in the range of its validity

ÅWorking with P. Narvatil on Î ‌
ÅAlso applying it to study Î ὕwith G. Chan, R. 

Stroberg, and J. Holt 

ÅConsider generalizing it to study two-cluster reactions 
and three-cluster systems

ÅIt would be interesting to consider the connection 
between this method and the infrared extrapolation 
used in structure calculation
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